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RArKGROUND TO THE INVENTION 

THIS invention relates to imaging apparatus which can be used, for example, 
in radiological applications. 

Conventional X-ray imaging apparatus is of limited versatility and is generally 
unsuitable for use in whole-body imaging of patients at a resolution sufficient 
for diagnostic purposes. South African patent no. 93/8427 describes a system 
which is designed to facilitate whole-body imaging of a subject in order to 
detect smuggled articles such as diamonds concealed on the person of the 
subject, while at the same time minimising the radiation dose received by the 
subject. 

It is an object of the invention to provide an alternative apparatus which can 
produce images of medical diagnostic quality at relatively low radiation doses. 



SUMMARY OF THE INVENTION 

According to the invention there is provided imaging apparatus comprising: 

a radiation source for generating an imaging beam; 

a camera array comprising a plurality of cameras responsive to 
the imaging beam and arranged linearly adjacent one another, 
each camera having an output for generating image signals; 

drive means for moving the radiation source and the camera 
array relative to a subject; ' 

signal processor means arranged to receive image signals from 
the data output of each camera and to generate composite 
image data therefrom; 

memory means for storing the composite image data; 

output means for displaying an image generated from the 
composite image data; and 

control means responsive to the image signals and/or the 
composite image data to control the operation of the drive 
means according to the intensity of the imaging beam. 



The radiation source may be an X-ray source and the cameras may comprise 
scintillators and associated charge-coupled devices for generating digital 
image data signals. - 

Preferably, the camera array is arranged so that the fields of coverage of 
adjacent cameras overlap in a direction transverse to the direction of 
movement of the camera array, so that the camera array provides full 
coverage of an imaging zone defmed thereby. 

In a preferred embodiment, the cameras each have a parallelogram shape, 
with adjacent ends of the parallelogram abutting. 

The signal processor means preferably comprises a digital signal processor 
arranged to apply a compensation algorithm to the image data signals to 
compensate for relative misalignment or distortion of the cameras. 

The control means is preferably arranged to measure variation in the intensity 
of the imaging beam, and to generate drive control signals to vary the speed 
of the drive means, to effectively maintain the intensity at a constant level. 

Alternatively, intensity compensation may be carried out by software 
correction of the image data signals using the measured information regarding 
intensity fluctuations in the imaging beam. 



RRTOF DESCRTPTION OF THE DRAWINGS 



The invention will now be described in more detail, by way of example only, 

/ 

with reference to the accompanying drawiiigs in which: 

Figure 1 is a pictorial view of imaging apparatus according to the 
invention; 



Figure 2 is an end elevation of the apparatus of Figure 1; 

Figure 3 is a similar view to that of Figure 2, showing an alternative 
application of the apparatus; 

Figure 4 is a pictorial view of a radiological installation incorporating 
the apparatus of the invention; 

Figure 5 is a schematic illustration of the arrangement of the X-ray 
source; 



Figure 6 is a schematic illustration of a beam width adjuster for the X-ray 
source; 



Figure? is a schematic block diagram of the X-ray deteetor of the 
apparatus; 

Figure 8 is a schematic illustration of an individual X-ray camera of the 
detector of Figure 7; 



Figure 9 is a schematic illustration of an array of X-ray cameras of the 
detector of Figure 7; 

Figure 10 is a schematic block diagram of a front end processor of the 
apparatus; 

Figure 11 is a block schematic diagram illustrating the hardware and 
software interfaces of an image pre-processor of the apparatus; 

Figure 12 is a block diagram of the image pre-processor; 

Figure 13 is a flow chart of the image correction performed by the image 
pre-processor; 

Figure 14 illustrates one image correction performed by the image pre- 
processor; 

Figure 15 illustrates a second image correction performed by the image 
pre-processor; 

Figure 16 shows a flow diagram for determining coefficients to be used 
during compensation; 



Figure 17 



is a schematic block diagram of the system manager of the unage 
pre-processing circuitry; and 



Figure 18 is a schematic diagram illustrating the state- modes of the linage 
pre-processing circuitry. 

! 

i 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Figures 1 to 3 show three different views of prototype X-ray imaging or 
scanning apparatus of the invention. The apparatus comprises a head 10 
containing an X-ray source 12 which emits a narrow, fanned beam of X-rays 
towards a detector arrangement 14. The X-ray source 12 and the detector 14 
are supported at opposite ends of a curved arm 16 which is generally semi- 
circular or C-shaped. 

A frame 18 mounted on a wall 8 or another fixed structure defines a pair of 
rails 20 with which a motorised drive mechanism 22 engages to drive the arm 
linearly back and forth in a first, axial direction of movement. In addition, 
the drive mechanism comprises a housing 24 in which the arm 16 is movable 
by the drive mechanism in order to cause the X-ray source and the detector to 
rotate about an axis parallel with the first direction of movement of the 
mechanism. 

A typical application of the imaging apparatus of the invention is in a 
radiological installation, such as that illustrated in Figure 4. The imaging 
apparatus is shown located in a corner of a room which may be-a resuscitation 
area or trauma room of a hospital, for example. Alternat.i.vely, the* apparatus 
may be located in a radiological department of a hospital or elsewhere. 



Located adjacent to the imaging apparatus is a local positioning console 26, 
by means of which an operator can set up the required viewing parameters 
(for example, the angle of the arm 16, start and stop positions, and the width 
of the area to be X-rayed). A main operator console 28 is provided behind a 
screen 30 which is used by the operator to set up the required radiographic 
procedure. The imaging apparatus is operated to perform a scan of a subject 
32 supported on a specialised trolley or gurney 34 (see below) and an image 
of the radiograph is displayed on a screen at the console 28, in order to allow 
the operator to judge whether a successful image has been acquired. 

One or more high quality monitors 36 are provided for diagnostic viewing and 
are located so that attending clinical staff can study the radiographs being 
acquired. In addition, a console 38 is provided which forms part of a 
standard Radiological Information System which permits picture viewing and 
archiving. 

The arrangement of Figure 4 is designed for use in the resuscitation room of a 
trauma unit, in order to provide fast X-ray images of injured patients. Once a 
patient has been stabilised, he or she can conveniently be placed in position, 
scanned, and wheeled out for further treatment, with the resulting radiograph 
appearing on the diagnostic screen virtually instantaneously. Due to the low 
X-ray dose administered by the apparatus, the risk of radiation exposure to 
staff and patients is reduced. 

The various functional aspects of the apparatus will now be described in 
greater detail. 



In order to exploit the potential of the invention for- rapid Xyray imaging, a 
special trolley 34 is provided which is height adjustable and which is provided 
with an electromagnetic clamping and location arrangement to secure it in 
position relative to the arm 16 of the scanning apparatus during operation. 

Once the trolley has been locked in position, the arm 16 of the apparatus is 
rotated into the required position and is also locked into position 
electromagnetically. The shape of the arm defines a cavity which is 
sufficiently large to surround the body of a patient supported on the trolley 34 
and the trolley itself has offset support pillars to accommodate the detector 14 
of the apparatus below the bed on which the patient rests. 

With the arm 16 locked into position relative to the -housing. 24 of the drive 
mechanism and the trolley 34 also- locked'* into position, the'^drive mechanism 
is operated so that the apparatus performs a horizontal linear scan. A narrow 
fanned beam of X-rays irradiates a thin strip across the width of the patient 
bed as the X-ray source and the detector move from the starting point to the 
end point of the scan. 

A standard position of operation of the apparatus is with the X-ray source 12 
uppermost in order to permit the taking of A-P (anterior to posterior) and P-A 
full body images. The arm 16 can be rotated through up to 90° for different 
radial/lateral views. The height adjustable trolley 34 is useful for pinpointing 
specific areas of interest. With the arm rotated through 90°, erect chest views 
are also possible, as indicated in Figure 3. 



In the prototype apparatus, the width or thickness of the X-ray beam (in the 
direction of scan) on the detector is determined by a thin slit collimator which 
is factory preset to less than 10mm. Mounted in front of this slit is a second 
collimator that determines the length of the rectangular strip (transverse to the 
direction of scan) to be exposed to X-rays. This length is adjustable from a 
minimum of 100mm to the full 680mm field of exposure, in addition to a 
certain amount of offset from the bed centre line. A visible light source 
provided in the head 10 generates a thin beam, coincident with the X-ray 
beam, to illuminate the irradiated portion of the subject in use. 

Referring to Figure 5, the X-ray source consists of an X-ray tube, X-ray 
shutter, X-ray filter, coincident light source, collimator and X-ray beam width 
controller. The X-ray tube 100 generates X-rays and is powered by a high 
voltage power supply. The tube uses a rotating anode resulting in a higher 
power output due to more effective heat dissipation of the anode. The X-ray 
shutter 102 prevents exposure of the patient to X-rays in cases when the tube 
is provided with power but all the operational conditions are not met, for 
example during power-up or the ramping up of the scanner arm speed. It also 
acts as a safety interlock to the control system. 

The X-ray filter 104 ensures that the spectrum is filtered to the correct 
"hardness" by removing "soft" or low energy X-rays which would be 
absorbed by the patient's body and not contribute to the quality of the image. 
A light source 106 and an X-ray translucent mirror 108 provide a light beam 
which is the shape of, and coincident with, the X-ray beam. This indicates 
the X-ray beam's size and position to the operator. 
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An X-ray collimator 1 10 blocks off the unwanted divergent X-rays which are 
detrimental to image quality, promote scatter and unnecessarily increase the 
amount of dose to the patient. The collimator is a thin slit in an X-ray opaque 
material, which is located at a distance far enough from the X-ray mbe to 
allow approximately a parallel beam of X-rays through. The percentage of 
non-parallel X-rays is determined by factors such as the slit's width, the slit's 
depth and the distance from the slit to the X-ray tube's focal spot. The image 
quality is improved in two ways by using the collimator. It effectively creates 
a parallel or collimated beam of X-rays and it reduces the instantaneous 
exposure area. 

The degree of beam collimation specifies the angle of divergence of the X-ray 
beam, or the degree to which the X-rays are parallel. TKfe non-,parallel X-rays 
effectively cause parallax -errors which in turn give rise to smear. The degree 
of collimation therefore determines the amount of image smear as a result of 
the scanning X-ray technique. The minimum resolution required in the 
scanning X-ray system determines the amount of smear that can be tolerated 
and hence the minimum degree of collimation. 

A secondary result of the collimated X-ray beam is a very narrow (typically 
less than 10 mm) instantaneous exposure area. An image is produced through 
X-rays by irradiating an object and capturing the transmitted rays. The X- 
rays are differentially absorbed in the object as result of variations in 
thickness and densities throughout the object. Howe-ver, a certain amount of 
the X-rays are scattered isotropie-ally and' do not travel straight to the detector. 
These scattered X-rays do not add to the information in the image, but are 
rather a source of noise. By utilising a very narrow instantaneous exposure 



area and correspondingly narrow detector, a minimum of these scatter X-rays 
are picked up by the detector, thereby reducing the noise in the image. This 
allows the X-ray dose to be reduced relative to large area exposures, while 
maintaining the necessary signal to noise ratio. 

Control of the X-ray beam width is accomplished by means of a beam widtii 
controller or shutter mechanism 112, illustrated schematically in Figures 6a, b 
and c. The beam width controller fulfils similar functions to the collimator in 
improving image quality, reducing scatter and reducing uimecessary dose to 
the patient. The X-ray beam width controller 112 controls the width of the X- 
ray image as well as any offset from the centre of the beam. It is also useful 
to limit the beam width to the X-ray camera (situated in the X-ray detector, 
illustrated in Figure 7) to avoid saturation. The prototype beam width 
controller consists of two geared bars or racks 114 manufactured from an X- 
ray opaque material and having a T-section. The racks 114 are slidable 
longitudinally in a channel 116 and are moved into and out of the beam by 
means of respective pinions 118, which can be connected to electrical motors 
or to knobs 120 as illustrated, for automated or manual movement, 
respectively. The exposure area's length can be adjusted from 100 mm up to 
any desired length (680mm in the prototype). 

The X-ray detector 14 is illustrated schematically in Figure 7 and comprises a 
plurality of X-ray cameras 122, each with an associated CCD headboard 124. 
Charge Coupled Devices (CCD's) are effective at detecting radiation in the 
visible wavelength range and converting it to an analogue electronic output 
signal. They are less effective at detecting X-rays and are damaged by X-ray 
radiation. Scintillators are therefore employed to convert the X-rays to light. 



The scintillators cover the whole area over which the X-rays strike the 
camera. CCD's are limited in size and are, extremely expensive. The image 
area is therefore covered by multiple /CCD'S, the total number being 

- ■ I 

determined by a cost vs. resolution trade-off. 

The outputs of the respective CCD headboards 124 are fed to a front end 
processor 126 which has a fibre optic data link output 128. In the prototype, 
twelve CCD headboards 124 were interfaced to one front end processor 126. 
The front end processor (FEP) 126 is mounted in the C-arm 16 in close 
proximity to the CCD headboards, and connectors on the front end processor 
126 are spaced to facilitate as short as possible an interface to the CCD 
headboards. 

The arrangement of a single camera is illustrated schematically in Figures 8a 
and b. The camera comprises a scintillator 129, a fibre optic taper bundle 130 
and the associated CCD headboard 124. Fibre optic taper bundles are 
employed in order to reduce the image size and project the image from the 
scintillator onto the discrete CCD'S (each camera has a parallelogram shape 
in plan, so that the coverage of adjacent cameras overlaps in a direction 
transverse to the direction of scanning). 

Figure 9 shows the front face of the camera array schematically illustrating 
the parallelogram shape of each camera and the resulting- overlap^ in the scan 
direction. Multiple cameras are butted together in order to obtain a composite 
detector which is approximately 700mm wide. All the^camepas have an 
identical parallelogram shape to ensure that the scarmed image does not 
contain any blank areas. The gaps between the cameras are also minimised to 
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approximately 50 micrometers in order to reduce the amount of information 
lost in the joints. The scanned area covered by each camera overlaps with the 
area scanned by the adjacent cameras to ensure that no information is lost. 
The overlapping images are combined into one image using software, once 
the data reaches the image pre-processor (described in detail below). Any 
other artefacts, such as image distortion or X-ray intensity fluctuations, can 
also be compensated for in the image pre-processor. 

Each X-ray camera 122 detects X-rays which are transmitted through the 
patient and converts them to an analog electronic output signal. This output 
signal is amplified by the respective CCD headboard 124 which is mounted 
directly on the X-ray camera. The gain through the analog path is variable to 
enable compensation for variable signal intensity. The X-ray signal intensity 
may vary as a result of flucmations in the scanning speed, ripple in the X-ray 
mbe's power supply or imperfect X-ray mbe parameters. This gain is 
controlled by control signals from a controller 132 (shown in Figure 10). 

After amplification and offset adjustment a standard correlated double 
sampling (CDS) procedure is performed on the signal by a CCD analog 
processor (CAP) (not shown). The CAP further converts the analog CDS 
signal to a digital signal (containing the image data) of 14 bit depth, for 
example. The digital signal is routed via a ribbon cable to the front end 
processor 126. 

The amplification, offset adjustment, CDS and digitisation should all be 
performed with low noise electronic circuits to minimise the amount of noise 
added to the image signal. 
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The CCD's are operated in a Time Delay and Integration mode in order to 
obtain maximum benefit from the drift scanning operation. The CCD pixels 
are clocked at a rate which corresponds to, and is derived from, the scanning 
speed of the C-arm 16. The digital timing signals are generated in the front 
end processor 126 in a Digital Programmable Block 134 (see Figure 10). 
These timing signals are synchronized to the rest of the system by using the 
C-arm encoder clock signal 136, which is generated by the physical 
movement of the C-arm. The C-arm encoder clock 136 needs to be 
conditioned depending on what format the output from the C-arm movement 
encoder will be, in order for it to be compatible with the digital signal levels 
used on the front end processor 126. A clock conditioning circuit 138 ensures 
this. 

Feedback of the beam width is provided electronically to the front end 
processor 126 and an image pre-processor (see Figure 12) via a fibre optic 
link interface 150. The front end processor 126 uses the beam width feedback 
to determine which cameras are exposed. The front end processor then 
activates only exposed cameras, thereby reducing the heat generated in the 
detector and the data rate on an optical fibre link to the image pre-processor. 
The image pre-processor uses the beam width feedback in the image 
processing calculations. 

The CCD's of each CCD headboard consist of multiple-rows and colunms of 
pixels. Pixel- rows are orientated; perpendicular to the^ scanning direction. 
Electrons generated by X-rays are integrated in the pixel well during the time 
delay between the pixels' phase clocks, and are moved to the next row by the 



phase clocks. In each subsequent row additional electrons are generated by 
X-rays and the image exposure period is thereby lengthened. Image smear is 
prevented by clocking the pixels in accordance with the mechanical movement 
of the C-arm holding the X-ray source, as mentioned above. The signal is 
therefore integrated over the whole height of the X-ray fan beam and no X- 
ray signal is wasted. 

Binning occurs where the values of two or more pixels are added together. 
Two pixel by two pixel binning will produce a super-pixel that is the sum of 
four adjacent pixels. Vertical pixels (direction of scan) are binned in the CCD 
headboards 124, and horizontal pixels (perpendicular to direction of scan) are 
binned in the electronics of the front end processor 126. 

Binning of CCD rows is performed to increase the signal to noise ratio and to 
obtain the maximum required pixel size. If the rows were not binned it would 
increase the CCD readout noise present in the image. This binning of CCD 
rows is performed in the output registers of the CCD headboards 124 and is 
controlled by programmable digital block 134. 

Although the front end processor 126 has many functions, three performance 
related specifications are critical to the final product. These are the speed at 
which the image information can be read out of the CCD, the data rate 
between the front end processor 126 and the image pre-processor, and the 
signal to noise ratio of the system. In a prototype system, the fastest scanning 
speed was found to be ten seconds for a full body scan (ISOOnmi). Each 
CCD must have its contents cleared, digitised and multiplexed at the scanning 
rate. The data rate between the front end processor and the image pre- 



processor will be determined by the smallest^binned^ super-pixel which is a 
2x2 binned pixel (see above for an explanation of pixel binning). This 
translates to a data rate of 147 Mbits per second, for all twelve channels. 

Referring now to Figure 10, the front end processor 126 comprises a digital 
programmable block 134 which consists of one or more FPGA's and the 
required memory. 

The programmable digital block 134 samples the 14 bit digital signal from the 
CCD headboards. Binning up to the specified number of columns (typically 
between 1 and 5) is performed on the digital signal. Combined with the 
binning of rows in the CCD, as explained above, this gives rise to super- 
pixels with increased signal to noise ratio, which still maintains the pixel-size 
required for optimum resolution. 

The programmable digital block 134 also generates CCD drive signals. These 
signals are level shifted on the CCD headboards to the appropriate levels to 
drive the CCD. The CCD operating voltages are generated in an external 
power supply. The CCD drive signals and operating voltages are then fed to 
the CCD headboards through a suitable cable. 

The controller 132 mainly controls the different modes of operation of the 
front end processor 126 and also serves a built-in-test purpose, in terms of 
which monitors voltage levels and the basic functions on the processor PCB. 
The test status is repertediback -to the user interfaee through' an 4nter-f ace 142, 
which could be an RS232C interface, for example. The controller also 
controls the different configurations of the programmable digital block 134. 
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This is done by configuring the FPGA's . differently each time a different 
mode of operation is required. This is necessary when different scanning 
speeds are selected and to perform alignment correction on the data. 
Feedback from the X-ray beam width control and the shutter are also fed to 
the controller 132. The controller 132 would typically be implemented using 
a microprocessor. 

The X-ray intensity feedback signal is converted to a digital signal by an A/D 
converter 144. This signal is appended to each line or horizontal row of 
image data which is sent to the image pre-processor. 

The circuit includes an oscillator 146. The oscillator output is a clock 
frequency which is very stable over a time period of one scan. The clock 
signal from the C-arm encoder is compared to this frequency. The result of 
the comparison indicates the variation in speed from the C-arm. This result is 
also appended to the each horizontal row of image data sent to the image pre- 
processor. The image pre-processor uses the intensity and speed variation 
information appended to each line to correct for the uneven illumination due 
to variations in the speed of travel of the C-arm. The oscillator also clocks the 
electronic circuits when the C-arm is not moving. 

The image pre-processor is used to convert the image data output of the front 
end processor 126 into a form which can be displayed on a video monitor. 
The signal from the front end processor is a muliplexed data signal generated 
from the twelve individual data output signals from the respective CCD 
headboards 124. The overall block diagram illustrating the image pre- 
processor's hardware and software interfaces is shown in Figure 11, while 
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Figure 12 is a schematic diagram of the image pre-processor, which is 
typically implemented in a personal computer 152. 

As shown in Figures 11 and 12, the fibre optic data link output 150 of the 
front end processor 126 (see Figure 10) is connected to a databus and fibre 
optic interface controller circuit 154 which converts the optical signals back to 
a digital electronic form. The signals are fed via the personal computer's 
databus to a random access memory (RAM), for processing by either the 
standard microprocessor, or a dedicated digital signal processing (DSP) 
circuit. Once in RAM, the image correction task manipulates, corrects and 
converts the digital data into a form which can be transmitted to a diagnostic 
viewing station 36 via the database interface library 164. 

The imiage pre-processor (IPP) consists of seven main functional blocks. Four 
of these control or provide access to interface points, whilst the other three 
provide the core functionahty of the IPP. Referring to Figure 11, these items 
are the IPP system manager 156, which controls the state and mode of the 
IPP. An image correction and enhancement task/ thread 158 performs all the 
image corrections and enhancements. A confirming image generation 
task/thread 160 generates a confirming image, which is sent to the operator 
console 28. A front end processor (FEP) serial communications manager 162 
handles the serial interface to the front end processor 126. This interface 
could be a standard RS232C link. The databus and fibre optic interface 
controller 154 handles the set up of the fibre optic interface and,»depending on 
what driver support is provided by the manufacturer, handles the ftmefcionality 
to read data from this interface. A database interface library 164 handles all 
the interface requirements to an image database server and the diagnostic 
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viewing stations 36. Finally, an interface to the operator console 166 handles 
the interface to the operator console 28. 

The image pre-processor (IPP) processes the image data and corrects this data 
for imaging artefacts. The following performance factors are critical to the 
final product and the achievement of the IPP's main purpose: 

FEP/IPP Fibre Data Link - The smallest binned super-pixel is at 
least a 2x2 pixel binning. This translates to a data rate of 147 Mbits 
per second, for all cameras. The data link is able to sustain this 
transfer rate during the scan operation, and transfer this data into the 
IPP system memory in real-time. 

Correction speed - The image is corrected as close to real time as 
possible. The correction algorithms ensure that a corrected and a 
confirming image is available to the operator at the operating console 
28 and the diagnostic monitor 36 as soon as possible. 

Image Size - The IPP keeps at least one copy of the full image in 
memory whilst performing the correction algorithm, and requires 
enough memory to do so. 

Now described in detail are the image corrections performed on the images by 
the image pre-processor. These corrections are performed to compensate for 
the artificial elements that are added to a picture during digital capture and 
display. They are also aimed at removing artefacts caused by the butting of 
the cameras and the fibre optic tapers. The image corrections must be 



performed in a specific order, which is determined by the effect expected 
from a specific correction. A flow chart of the image corrections is shown in 
Figure. 13. 

A standard sequence of corrections is: 

1 . y-alignment 

2. x-alignment 

3. CCD dark current subtraction (dc-offset subtraction) 

4. signal normalisation (gain compensation) 

5. compensation for scan speed variations 

6. compensation for x-ray intensity fluctuations 

7. logarithmic scaling of image 

Certain of the corrections may be left out of the sequence if their contribution 
to image quality is not warranted by the expense of processing speed. 

The first correction performed is y-alignment. This correction compensates 
for the slight difference in positioning of the cameras in the x-y plane. A 
separate y-alignment value is defined for each pixel instead of for each 
camera. As the fibre optic tapers can cause bow distortion of the image, 
defining a separate value for each pixel instead of for each camera allows the 
bow distortion to be compensated for, hence the need for separate values for 
each pixel as opposed to per camera. This translates to a vertical shift of 
image values. This correction should take care of the problem illustrated in 
Figures 14(a) and (b). A facility is also provided to all©w»r'theruser to edit the 
compensation values of the final curve. 



The second correction is a butt or x-alignment correction. This can only be 
performed once the pixels have been appropriately aligned in the y-direction 
and it therefore follows the y-alignment. The fibre optic tapers used are 
parallelogram in shape which results in an overlap of pixels at the join of two 
tapers. There is also some portion of the CCD that is not covered by a taper. 
This results in dark or unexposed pixels on either side of the tapers. The 
unexposed pixels lying at the ends of each taper will be eliminated in the front 
end processor 126 during binning. Hence the correction software need only 
concern itself with the overlapped values created by the butting. 

Suppose that camera n and camera n + 1 overlap by t^,, pixels, as shown in 
Figure 9. The overlap is compensated for by adding the values of the 
overlapping pixels ie. the first tno pixels of camera n+1 are added to the last 
t„o pixels of camera n. This caters for the problem illustrated schematically in 
Figure 15. 

The next two corrections are standard gain and offset compensations. Once 
again a separate offset and gain value is used per column and not per camera. 

The dark current level or dc offset value is determined during calibration 
before the scanning of each image starts, to compensate for temperamre drift 
in the CCD. This is done by obtaining an image without exposing the 
detector with X-rays. An average signal level is calculated for each image 
colunrn and this constimtes the dc offset value. Each column in the image is 
then corrected for the dc offset by subtracting the corresponding dark current 
offset value for that column from each pixel in that column. 



The gain mask is also determined during calibration. This mask does not 
need to be determined during every scan, but rather during scheduled 
calibration sessions. The raw gain mask is obtained for every X-ray energy, 
by exposing the camera with an uninterrupted beam of X-rays and averaging 
the image per column. Thereafter the offset mask is subtracted from the gain 
mask and the result becomes the final gain mask. Each column in the image 
is normalised for the corresponding gain by dividing each pixel by the 
corresponding value in the gain mask. Figure 16 shows the flow diagram for 
determination of the coefficients to be used during compensation. 

Similar to the gain mask compensation is the compensation for scan speed 
variations and for X-ray intensity fluctuations. Variations in the scan speed 
and X-ray intensity effectively cause gain variations per row in the image. 
The change in gain is proportional to the change in speed or intensity and the 
image can be normalised per- row with respect to these variations. 

The above steps are carried out as follows: 

Step 1 : Measure the dark current with the X-rays off. 

Step 2: Acquire image gain when the X-rays are turned on. 

Step 3: Subtract the dark current from the image. 
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Step 4: Normalise the image using the gain factors determined 

from the gain mask, X-ray intensity and speed 
variations. ■ 

The final correction of the image is the logging of the corrected value. The 
required log values are obtained by means of a predefined look-up table which 
is generated during initialisation time and remains in memory for usage 
thereafter. The log values are calculated in such a way as to provide for 
conditioning of the image as well as logging it. The values in the look-up 
table would range from 0 to 16384 if a 14 bit range is utilised. These 
corrections must be performed as fast as possible in order to adequately cope 
with the demands of a trauma unit. 

The algorithms used to perform the abovementioned corrections form part of 
a multithread (multitask) process. This multithreaded (miltitasked) process 
consists of three threads (tasks). The main thread will begin performing the 
above mentioned corrections only after it has received the maximum number 
of rows that could be misaligned. (The reason for waiting for the maximum 
number of rows that could be misaligned before starting the corrections is to 
ensure that the linear shifts performed by the y-alignment do not go out of 
scope.) This thread will be given critical priority to ensure that the 
corrections are performed as fast as possible. Since the corrections thread has 
critical priority, the only time in which the CPU will be passed to the unsharp 
mask thread is when the corrections thread is waiting for input. Thereafter 
the corrected rows are passed to another thread within the same process. This 
thread will perform the unsharp mask operation on the corrected rows, only 
after it has received a number of corrected rows equivalent to the size of the 
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kernel being used. (The kernel is a square matrix, which is convolved over 
the corrected rows to produce an unsharp masked image), the . reason for 
waiting for as many rows of data as the/size of the kernel, is because the 
unsharp mask algorithm will require a fiill kernel of data in order to begin 
computation. 

Finally, the unsharp masked values of the corrected image will be passed to 
yet another thread within this process. This thread's responsibility is the 
development of a reduced image from the fiill sized unsharp masked image. 
It will begin execution only once it has received a minimum of 12 rows of 
unsharp masked corrected values. (The reason for waiting for 12 rows is due 
to the fact that a 12 X 12 averaging will be performed by the reduced image 
thread in the worst case ie. a full body, high resolution image containing 4092 
X 10000 pixels. In such a case it will require a minimum of 12 rows of data 
at a time in order to perform its calculations.) 

Apart from these threads, there are other threads. These other threads 
perform the following functions: 

Conditioning of the unsharp masked image. Under conditioning the 
following is understood: 

• floating point values are converted into 8-bit integer values, 

• range-is adjustedr'for optimal viewing? scale (adjusted to fit into 
8-bit scale according to max/min values) and 
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• erratic data (eg. negative values) that does not contribute to the 
picture is removed (adjusted to max/min values). 

Removal of unexposed columns (these are created by clocking all the 
CCD's for all the cameras regardless of whether or not they lie within 
the scope of the collimator settings). 

The transmission of both the corrected image and confirming image to 
the database and the operator console respectively. 

Illustrated in Figure 17 in more detail is the system manager 156, which is 
responsible for controlling the state, mode and operation of the image capmre 
system. 

The system manager 156 consists of three processors: 

An operations controller 168, which manages the general operation of 
the image capture system. The operations controller also controls the 
correction, calibration, and confirming image generation processes; 

An alarm and stams handler 170 which manages the alarm and stams 
database as well as the alarm history; and 

A message handler 172 which manages all messages that are posted to 
the IPP mailbox, and posts all responses to the relevant mailboxes. 
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Figure 18 shows the image pre-processor state machine as controlled by the 
system manager 156. After initialisation, the system manager remains in a 
disconnected state until the operator console 28 and the image database server 
connect, and establish the relevant communication channels. The image pre- 
processor is then available and ready for use. The front end processor 126 
does not need to be connected, or be communicating at this phase. This 
allows the front end processor to enter a power saving mode. 

It is the responsibility of the image pre-processor to begin communication 
with the front end processor, so that it may wake-up from the power saving 
mode and begin activation and preparation for a scan. The operator console 
will notify the image pre-processor that a scan is about to begin, and that the 
image pre-processor needs to prepare for a scan. Th^ image pre-processor 
immediately communicates over the serial link to the front end processor, thus 
waking up the front end processor from the power-saving mode and causing it 
to connect and communicate with the image pre-processor. Once a valid 
response has been received from the front end processor, the image pre- 
processor enters the active state waiting for a scan-activate notification from 
the operator console. The image pre-processor then undergoes the scan 
process. On termination, it reverts to the standby state. 

Thus it can be seen that the invention provides an alternative apparams which 
can produce images of medical diagnostic quality at relatively low radiation 
doses. 



Dated this 10* day of March 1999. 
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